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Additional remarks: types of lithospheric weaknesses
Many divergent tectonic settings occur in the presence of pre-existing structures in the lithosphere. These structures include lateral variations in lithospheric thickness that perturb mantle flow (e.g., Ebinger & Sleep, 1998) , weaknesses within the lithospheric mantle or crust caused by activity of mantle plumes or hot spots (Corti, 2008) , mantle penetrating shear zones characterised by reduced grain size (Heron et al., 2016) , or inherited mechanical anisotropies with lattice preferred orientation of olivine crystals (Tommasi & Vauchez, 2001) . Because these features lead to linear zones of anomalously weak or strong material within the lithosphere we refer to them as "rheological heterogeneities". For the specific case addressed in the main body of this manuscript, the roughly linear geometry may be related to the migration of plume material through thinned sections of lithosphere which, in turn, are associated with roughly linear ancient rifts or areas of intense extensional deformation (Ebinger and Sleep, 1998) (DR4).
Crustal heterogeneities are commonly associated with pre-existing basement faults (Wilson et al., 2010) , suture zones (Stern & Johnson, 2010) and orogenic belts (Vauchez et al., 1997) , which often juxtapose different lithospheric blocks with different ages and mechanical properties. These heterogeneities localize strain and consequently influence where and how the lithosphere deforms, ultimately affecting tectonic plate kinematics and strain distribution (Molnar et al., 2017) .
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Materials and Methods
All models were constructed using a length scale ratio of 4 x 10 -7
, meaning that 1 cm in the models represents 25 km in nature. The initial 44 x 44 x 3 cm dimension of all models allowed to simulate the deformation of large lithospheric domains on Earth (~1100 x ~1100 km x ~80 km) submitted to rotational extensional kinematics. During assembly, the three-layer, brittle-ductile, model lithospheric plates were confined by two bottomless U-shaped acrylic walls that allowed the model lithosphere to float isostatically on a fluid model asthenosphere, contained within a 65 x 65 x 20 cm acrylic tank (Fig. 2) .
The brittle upper crust was modelled using a mixture of quartz sand and hollow ceramic microspheres and the ductile lower crust was replicated using silicone gum ). All models were run for 38 h, which corresponds to ~30 Ma and ~45% extension in nature.
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The experiments were monitored using a particle image velocimetry (PIV) system. Sequential stereoscopic and top-view images were taken at 2 min intervals and processed using a stereo cross correlation technique (Adam et al., 2005) to obtain digital elevation models (DEMs) and high-resolution (≥0.1 mm) displacement fields. Color scheme chosen to illustrate topography as yellow and maroon for topographic highs and blue for low elevations and/or topographic depressions. Precise spatiotemporal measurements of differential and cumulative strain were subsequently computed and used to plot 
